Introduction
Malignant melanoma accounts for the vast majority of skin cancer deaths in the USA. 1 For melanoma patients with distant metastasis, the overall survival (OS) was only 9 months before 2009 and has improved to about 10-17 months in the recent decade. 2, 6 Common treatment options for metastatic melanoma comprise surgery, systemic therapy and radiotherapy. In spite of the fact that the surgical resection of metastases is suggested to be conducive to survival, complete resection of metastases is feasible in only a small proportion of carefully selected patients with metastatic melanoma. [3] [4] [5] As systematic treatment represented by immune checkpoint inhibitors and targeted therapy has been becoming more important in the treatment of metastatic melanoma, the status of surgery has diminished in the last decade. [6] [7] [8] The primary tumor surgery is an effective means to treat or even potentially cure early-stage melanoma. 9 However, for the melanoma patients with the primary tumor and metastatic disease concurrently occurring at the time of diagnosis (newly diagnosed metastatic patients), the necessity and effect of primary tumor surgery has never been discussed. The benefit of primary tumor surgery in improving survival that had been observed in other metastatic malignancies, such as breast cancer, [10] [11] [12] [13] [14] colorectal cancer, [15] [16] [17] gastric cancer, [18] [19] [20] renal cell cancer 21 and so on, made us wonder whether there would be a similar effect on metastatic melanoma. The Surveillance, Epidemiology, and End Results (SEER) database provides diagnosis, firstcourse treatment (including primary tumor surgery) and prognostic information of a considerable number of tumor patients. 22 Besides, as SEER only provides information on initial diagnosis but not information of disease recurrence, all its cases are newly diagnosed, meaning that all stage IV patients from the SEER are in stage IV at new diagnosis. This makes it possible for us to study the impact of primary tumor surgery on the survival of the newly diagnosed stage IV patients.
The objective of this study was to assess the prognostic value of primary tumor surgery in metastatic melanoma patients after minimizing a potential case selection bias by using propensity score-matching analysis, based on data from the SEER database.
Patients and methods

Data source and patient selection
A query of the SEER registry using SEER*Stat 8.3.5 was performed to identify all stage IV patients diagnosed as malignant melanoma (ICD-O-3/WHO-2008 recode of "melanoma of the skin") between the years 2004 and 2015, based on the 1973-2015 SEER research incidence data (November 2017 submission). 23 The information on surgery of primary tumor and metastatic sites, survival time, cause of death and other characteristics was identified. The cases with unknown surgical status or survival time and those with secondary malignancies at diagnosis were removed from the analysis. The characteristics of patients and tumor included time of diagnosis, age, sex, race, marital status, primary tumor site, histologic type, TNM stage and ulceration. Primary sites of melanoma were stratified into face/head/neck, trunk, limbs and other/unknown sites. Histologic types were stratified into nodular melanoma, superficial spreading melanoma, spindle cell melanoma and others/unknown types. The T, N and M stages were defined based on the American Joint Committee on Cancer TNM classification system for melanoma (sixth edition, 2002).
statistical analyses
Kaplan-Meier curves were used to compare both OS and melanoma-specific survival (MSS, ie, death caused by cutaneous melanoma) in surgery and non-surgery groups. To further analyze the prognostic value of primary tumor surgery, multivariate Cox proportional hazard models were also used identify the factors associated to patients' survival. Besides, we conducted stratified analysis to estimate the effect of primary tumor surgery before and after the year 2011 (2004-2010 and 2011-2015) , respectively.
Propensity score matching
As the included patients were not randomized in this retrospective study, the unbalanced baseline characteristics may lead to selection bias, and hence influence the decision to treat with primary tumor surgery. 24 To reduce this impact, a matched case-control analysis was conducted by using propensity score matching. By using the propensity scores estimated according to the baseline covariates listed in Table  1 , a matched dataset was created. Patients who received primary tumor surgery were matched to patients who did not receive the same, based on the calculated propensity scores with an algorithm of the nearest-neighbor 1:1 matching. 25 Data analysis was performed using SPSS Statistics 20.0 (IBM Corporation, Armonk, NY, USA). The categorical variables are presented as percentages and numbers, and comparisons are made using χ 2 tests. Log-rank tests were used to compare the difference in survival between patients in different groups. All tests were two-sided, and a P-value of <0.05 was considered statistically significant. 
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Results
Eight thousand three hundred and forty-one patients who had been diagnosed with primary melanoma and metastatic disease at the same time were included in this analysis, of which 2,554 (30.6%) received surgery of the primary tumor and 2.1% received metastasectomy ( Table 1 ). The median OS and MSS of all patients were 8.0 months (95% CI 7.7-8.3 months) and 9.0 months (95% CI 8.5-9.5 months), respectively. On univariate analysis of the unmatched cohort, patients receiving surgery of the primary tumor had both better median OS (13 vs 6 months, P<0.001) and median MSS (15 vs 7 months, P<0.001), compared with those who did not receive the same (Figure 1 
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Primary tumor surgery in newly diagnosed metastatic melanoma Several factors such as age, tumor site, histologic type, TNM stage and so on were significantly associated with the rate of primary tumor surgery in unmatched cohort. To further corroborate the benefits of surgery found in univariate and multivariate analyses, we performed a propensity score matching to optimally adjust for the selection bias between the two groups ( Table 1) . As in the unmatched cohort, surgery of primary tumor was also associated with better OS (13 vs 6 months, P<0.001) and MSS (18 vs 6 months, P<0.001) in the matched cohort (Figure 2 ).
Discussion
Metastatic melanoma has been an incurable disease in spite of the improvement in survival largely attributed to advances in systemic treatment options over the last decade, while the role of the primary tumor surgery in this setting is still ambiguous due to the lack of relevant research. To the best of our knowledge, this is the first study to evaluate the impact of primary tumor surgery on metastatic melanoma. Moreover, as the SEER database encompasses 28% of the US population, 1 our data are, to some extent, generalized and reflective of the population experience.
Historically, the surgery in metastatic patients was generally referring to the surgery for metastatic sites (ie, the metastasectomy), which was performed for palliation or potentially cure. 5 The National Comprehensive Cancer Network guideline 26 recommends feasible metastasectomy in the patients with stage IV melanoma, but it does not describe whether primary tumor surgery should be performed in this population. The lack of attention to the primary tumor surgery in metastatic melanoma may be partly ascribed to the fact that most metastatic diseases occur when the primary tumor has already been removed in earlier treatment. Importantly, all stage IV patients from SEER are newly diagnosed cases, whose primary tumors and metastases coexist when diagnosed as cancer. In other words, their primary tumor has not been removed yet. This may explain why the rate of primary tumor surgery in this study was as high as 31%, although the reasons for this or the guidelines followed by the US clinicians in the practice are unclear as far as we know. More importantly, both our results of Cox proportional hazard regression and analyses after propensity score matching demonstrated significant benefits of primary tumor surgery to OS and cancer-specific survival regardless of the patient, tumor and treatment characteristics. Although the results need to be further validated, they should call our attention to the benefit of primary tumor surgery in this population. Similar to our investigation, several retrospective studies found that primary tumor surgery has a favorable prognostic impact on metastatic patients with other malignancies, such as breast, [10] [11] [12] [13] [14] colorectal, [15] [16] [17] gastric [18] [19] [20] and renal cell cancer. 21 Lowering the tumor burden, 27, 28 reducing recirculating tumor cells, 29 decreasing the cytokines regulating tumor metastasis 30 and restoring immunomodulation by removing potential source of immunosuppression from the primary site could explain the beneficial effect of primary tumor surgery. 31 Considering the inherent selection biases in these studies and several controversial conclusions, 32 and the theory of increased angiogenesis and accelerated relapse associated with surgical wound, 33, 34 the definitive effect and mechanisms of primary tumor surgery in these cancers and melanoma remain to be further clarified.
As we know, the targeted therapies and immune checkpoint inhibitors have been playing an vital role in treatment of metastatic melanoma since the US Food and Drug Administration approved BRAF V600E-targeted therapy and anti-CTLA4 immunotherapy for this cohort of patients in the year 2011. 35 We were confused by the fact whether the observed survival advantage in the surgical group was partly due to the effect of the novel agents mentioned above. As SEER does not provide the information whether patients have received the above treatments, we analyzed the effect of primary tumor surgery in pre (before 2011) and post (after 2011) the immune/targeted therapy periods, respectively. Also, we found that the surgery group had longer survival than the non-surgery group in both periods. Meanwhile, the COX regression analysis adjusted by the variables including time showed that surgery was a significantly independent prognostic factor, suggesting that the effect of surgery on survival 
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Primary tumor surgery in newly diagnosed metastatic melanoma may not be influenced by the targeted or immune therapy. Additionally, the SEER does not provide usable information of radiation and chemical therapy, which makes the adjustment impossible for the use of these treatments. Nonetheless, it seems unlikely that the significant effects of primary tumor surgery are due solely to unadjusted confounding.
In addition, we found that the proportion of the patients who received metastasectomy was only 2.1%, which is much lower than that of patients receiving the primary tumor surgery. According to available evidence, metastasectomy was proved to be an effective treatment option with a benefit of OS for selected patients. 5 Although metastasectomy was also associated with better survival in this study, its effect on improving the survival of metastatic population may be limited by the low proportion of the suitable candidates, 4 which has been described by previous studies. 35 Given the situation that the numbers of patients who had undergone primary tumor surgery and metastasectomy differed widely and more information was unavailable, the patients' selection for these two surgical methods or combined application should be further studied in well-designed clinical trials.
It is important to consider our study in the context of its limitations. Firstly, a bias due to the imbalance of the surgery group compared with the non-surgery group cannot be completely excluded, considering other potential prognostic factors, such as performance status, gene mutation status, the time between diagnosis and excision of the primary tumor, insurance status and so on, were not available in SEER. Secondly, the "unknown" subgroups of some variables included in the analysis may incur biases. Thirdly, we were not able to evaluate the impact of primary tumor surgery on the quality of life of patients because the information on complications or adverse reactions after surgery is not available in the SEER database.
Conclusion
Despite the limitations, this study reveals that primary tumor surgery significantly benefits both OS and MSS of patients with newly diagnosed metastatic melanoma. The results may fill in the gaps of the guidelines, but need to be validated by further prospective studies or trials.
